Exercise Fatigue Hematopoietic stem cell transplantation Physical activity Background: Patients receiving high-dose chemotherapy and hematopoietic stem cell transplantation (HSCT) experience considerable reductions in physical activity and deterioration of their health status. Objective: The purpose of this pilot study was to test the effects of strength training compared with usual activity on physical activity, muscle strength, fatigue, health status perceptions, and quality of life following HSCT.
H igh-dose chemotherapy followed by hematopoietic stem cell transplantation (HSCT) is a potentially curative treatment for a variety of hematologic malignancies, such as acute myeloid leukemia and lymphoma. 1 This intensive cancer therapy, however, is associated with significant acute complications, such as serious infections and graft-versus-host disease. People receiving this treatment often experience considerable deterioration of their health status, particularly during the first 100 days following the transplant. 2, 3 Patients demonstrate a marked reduction in physical activity and report severe fatigue, inability to maintain their functional capacity, and diminished quality of life (QOL). [4] [5] [6] [7] This deterioration in health status can affect multiple aspects of a person's life, and the impact may be felt for years following treatment. Without intervention, these problems may lead to physical deconditioning, loss of muscle mass, and decreased strength and endurance, possibly resulting in longterm consequences in people who might otherwise be cured of their underlying malignancy.
The beneficial effects of exercise on physical and psychological health have been well established in people with cancer and include increased physical activity, diminished symptoms, enhanced functional capacity, and improved QOL. [8] [9] [10] [11] Commonly recommended exercises to increase physical activity consist of aerobic exercises, strength training, or a combination of both. 12 Whereas aerobic exercise primarily improves cardiorespiratory conditioning, strength training is more effective in minimizing skeletal muscle wasting associated with prolonged physical inactivity. 13, 14 A strength-training intervention that minimizes muscle wasting associated with prolonged physical inactivity following HSCT is particularly attractive if the end result is increased physical activity, decreased fatigue, and improved health status perceptions and QOL.
Although the beneficial effects of exercise have been well documented, relatively few exercise studies have been conducted in the hematopoietic stem cell transplant population, and even fewer in the immediate posttransplantation period when people are recovering from the intensive cancer therapy. 15 Most studies focused on aerobic training [16] [17] [18] or a combination of aerobic and strength training. [19] [20] [21] When aerobic and strength training are combined, however, it is difficult to determine how the individual modality contributes to the overall effect. The ability to detect the individual effects of strength training versus aerobic exercise becomes particularly important when trying to maximize the benefits and minimize the burden associated with exercising. Only one study in the hematopoietic stem cell transplant literature evaluated strength training used alone. 22 Although beneficial effects were noted, the intervention lasted only 35 days, and information regarding the exercise intensity was not included. No studies found in the literature examined the impact of strength training on physical activity, muscle strength, fatigue, general health perceptions, and QOL in people receiving hematopoietic stem cell transplants.
The overall purpose of this study was to determine the effects of a strength-training program on physical activity, muscle strength, fatigue, health status perceptions, and QOL in patients following high-dose chemotherapy and HSCT. This work was conducted in 2 phases. During the initial pilot study, the strength-training intervention was evaluated to determine the acceptability and feasibility of the strength-training intervention with respect to the appropriate time for initiating the intervention and the appropriate intensity of the strengthtraining intervention. 23 Based on these findings, revisions to the strength-training intervention and study methodology were implemented in the second phase. The purpose of the current pilot study, the second phase, was to test the effects of strength training compared with usual activity on physical activity, muscle strength, fatigue, health status perceptions, and QOL following HSCT. A secondary purpose was to further evaluate the feasibility of the revised strength-training intervention by determining the week-to-week strengthtraining frequency of study participants.
Conceptual Framework
Wilson and Cleary's 24 Revised Model of Patient Outcomes was used to guide the study, particularly the selection of outcome variables. 25 The model proposes the dominant, causal relationships between traditional, biological, and physiological variables to health-related QOL. In the model, 5 types of health outcomes are proposed, including (a) biological function, (b) symptoms, (c) functional status, (d ) general health perceptions, and (e) QOL. In this study, Wilson and Cleary's model guided the selection of outcome variables, such as symptoms, functional ability, health perceptions, and overall QOL.
n Methods
Design
This pilot study used a 2-group, randomized block design to test the effects of a strength-training intervention compared with usual activity in people receiving high-dose chemotherapy and HSCT. Subjects were randomly assigned to strength training or usual activity, stratified by type of transplant: allogeneic or autologous. The strength-training intervention, described in detail below, consisted of a comprehensive program of progressive resistance to strengthen the upper body, lower body, and abdominal muscles using elastic resistance bands (Thera-Bands A ; Hygenic Corp, Akron, OH). Instruction began while the subjects were hospitalized. Subjects began moderateintensity training immediately following hospital discharge. Training continued for 6 weeks after discharge from the hospital. The control group continued with their usual rest, physical activity, and exercise as recommended by their attending physicians.
Dependent variables included physical activity, muscle strength, fatigue, health status perceptions, and QOL. Physical activity was measured using wrist actigraphy (Actiwatch-Score; Phillips Respironics, Bend, OR). Four tests of muscle strength were performed: (1) timed stair climb, (2) handgrip strength, (3) 30-second chair-stand test, and (4) time needed to stand up from bed rest examination. Fatigue was measured with a 1-item fatigue intensity scale, using computerized ecological momentary assessment (real-time assessment) and the fatigue subscale of the European Organization for Research and Training, Quality of Life QuestionnaireVCore 30, version 3.0 (EORTC QLQ-C30). 26 Health status perceptions and QOL were measured with the EORTC QLQ-C30 26 and the Quality of Life Index (QLI), respectively. 27, 28 Variables were measured 3 times: (1) prior to admission to the hospital for HSCT (time 1), (2) 8 days following HSCT (time 2), and (3) 6 weeks following discharge from the hospital (time 3). The full battery of tests was conducted at times 1 and 3. A limited number of tests were conducted at time 2, as it was expected that subjects would be experiencing profound neutropenia and other expected adverse effects from the high-dose chemotherapy. The study was approved by the institutional review board.
Sample and Setting
Consecutively eligible adult patients electing to undergo a hematopoietic stem cell transplantation at a Midwestern academic medical center were invited to participate. Initial eligibility criteria included (1) patients scheduled to receive a hematopoietic stem cell transplant, (2) ability to speak English, (3) ability to comprehend the purpose of the study, and (4) having no history of a psychiatric illness. Subjects eligible to receive a hematopoietic stem cell transplant undergo extensive medical workup prior to transplantation. All of the pretesting procedures are standard of care and were not considered part of the research. Pretesting included a history and physical examination; multigated acquisition scans to assess heart function; pulmonary function tests to assess pulmonary function; various blood tests to assess exposure to viruses and kidney, liver, and blood cell function; chest x-rays; urinalysis; and a dental examination. The treating physicians reviewed all the pretests and provided approval for subjects to participate in this study.
Twenty-nine subjects were eligible to participate in the study. Seven subjects declined. Twenty-two subjects enrolled in the study. Two subjects did not receive a hematopoietic stem cell transplant and were no longer eligible to participate. One additional subject was withdrawn from the study because of inability to collect any data during time 1. The subject was an inpatient from the time of informed consent to the time of stem cell transplantation, preventing collection of any time 1 data. Nineteen subjects were randomly assigned to the strength training (n = 9) or the usual-activity group (n = 10). The demographic data presented below are for the 19 study participants who were randomly assigned to a group and received a hematopoietic stem cell transplant. The sample ranged in age from 20 to 67 years (mean, 46.26 [SD, 16.23] years). The subjects were racially diverse, composed of African Americans (n = 11), whites (n = 7), and 1 Hispanic. Fourteen men and 5 women participated in the study. The majority were married (n = 9) and completed some college as their highest level of education (n = 10). The majority of subjects (n = 10) reported income levels of less than $40 000. All subjects received a hematopoietic stem cell transplant for treatment of an underlying malignancy. Thirteen subjects received an autologous transplant (strength-training group = 6; control group = 7), and 6 subjects received an allogeneic transplant (strengthtraining group = 3; control group = 3). Even though the sample size is small, it is considered sufficient for providing pilot study data.
All study participants were outpatients during the pretransplant data collection phase (data collection period: time 1), inpatients during the immediate posttransplant period (data collection period: time 2), and outpatients during the data collection period 6 weeks following discharge from the hospital (data collection period: time 3). Two subjects, one in the strength-training group and one in the control group, died during the course of the study as a result of their underlying medical condition. The subject in the strength-training group who died did not begin participation in the strength-training intervention.
Strength-Training Intervention
The strength-training intervention consisted of a comprehensive program of progressive resistance to strengthen the upper body, lower body, and abdominal muscles using elastic resistance bands (Thera-Bands; Hygenic Corp) and body weight for resistance. Subjects received instruction while they were hospitalized for the hematopoietic stem cell transplant and began moderate-intensity training immediately following discharge from the hospital. Training continued for 6 weeks. Hospital discharge was chosen as the time to initiate moderateintensity strength training as HSCT patients are generally considered medically stable at hospital discharge; thus, it is a common safe point to initiate the intervention. The exercise prescription was tailored to the individual's capabilities. The Borg Rating of Perceived Exertion Scale, a 20-point scale, was used to estimate the intensity of the resistance used. 29 The moderate-intensity strength-training prescription was based on a rating of somewhat hard (Borg scale 13). Instruction and training were conducted by the principal investigator or a trained member of the research team.
The strength-training intervention consisted of 11 preselected exercises with concentric and eccentric muscle contractions: (a) 8 exercises using elastic resistance bands (chest fly, biceps curl, triceps extension, shoulder shrug, shoulder upright row, shoulder lateral raise, knee flexion, and knee extension) and (b) 3 exercises that used body weight as resistance (wall push-ups, squats, and bed sit-ups). Subjects were prescribed as many exercises as they could perform, starting with the easiest exercises and advancing to the most difficult. Subjects who were not strong enough to use elastic resistance bands for strength training participated in the study by performing the exercises (concentric/eccentric contractions of muscles) without bands.
A combination supervised/unsupervised approach was used for implementing the strength training. Subjects were seen once or twice a week during their regularly scheduled clinic visit to exercise under the supervision of research staff. They exercised in the clinic examination rooms. Changes to the exercise prescription, mostly advancements, were made at that time, and this facilitated progression with the exercise prescription. Subjects were encouraged to exercise on their own 1 or 2 more times during the week for a total of 3 times per week. Progression of the exercise prescription was structured to first increase the number of sets from 1 to 2 sets of 8 to 10 repetitions and then to increase the resistance level of elastic bands. Subjects provided return demonstrations of the exercises to ensure proper form and reduce the chance of injury. Subjects documented completion of each individual exercise, including information about the number of repetitions and sets, on preprinted exercise logs. Subjects were queried regarding exercise adherence and tolerance to the exercise prescription during weekly clinic visits.
Usual Activity
In this study, subjects in the usual-activity group received recommendations regarding rest, physical activity, and exercise from their attending HSCT physician. Subjects were not told that they could not exercise as this would be considered unethical, given the widespread media coverage of the benefits of exercise.
Instrumentation

PHYSICAL ACTIVITY
Physical activity was objectively measured using a wrist-worn accelerometer, the Actiwatch-Score (Phillips Respironics). The accelerometer monitors the occurrence, speed, and degree of motion. Successful use of wrist actigraphy to quantify physical activity and sleep disturbances has been reported in several recent studies involving people with cancer, including hematopoietic stem cell transplant patients. 6, [30] [31] [32] 
MUSCLE STRENGTH
Timed Stair Climb. The timed stair climb was used to assess functional quadriceps femoris muscle strength. 33 Subjects were timed with a digital stopwatch as they ascended a flight of 9 steps. Results are reported in seconds to reach the top of the flight of stairs. The timed stair climb has excellent test-retest reliability (r = 0.94). 34 The results for timed stair climbs have been significantly correlated with isokinetic strength measurement of knee flexors and extensors. 35 Handgrip Strength. Handgrip strength was assessed using a Jamar dynamometer (TEC, Clifton, New Jersey). Testing was performed with subjects standing with feet hip-distance apart and the shoulder adducted and neutrally rotated. The elbow was flexed at 90 degrees, with the forearm in a neutral position and the wrist between 0 and 30 degrees and between 0-and 15-degree ulnar deviation, according to recommendations. 36 The results are reported as the mean of the 3 trials for the dominant hand. 37 Reported test-retest reliability coefficients for handgrip strength are 0.91 for men and 0.94 for women. 38 Handgrip strength has been validated as an indicator of upperextremity strength. 39, 40 Thirty-Second Chair-Stand Test. The 30-second chair-stand test involves recording the number of stands (sitting in a chair to standing erect) that a subject can complete in 30 seconds. A practice trial of 1 repetition was conducted to ensure proper form. All tests were timed with a stopwatch. The total number of stands that were correctly and fully executed within the 30-second time frame was used for scoring purposes. If the subject was more than halfway up at the end of the 30-second test, this was scored as a stand. Good stability reliability for the 30-second chair-stand has been reported in community-residing older patients. 41 In the same study, the test was validated as an indicator of lower body strength, with moderate correlations between the chair-stand test and the 1-repetition-maximum) weight-adjusted leg-press performance. 41 Chair-stand performance discriminated between less active and more active participants, providing support for construct validity through contrasted groups.
Time Needed to Stand Up From Bed Rest Examination. The time needed to stand up from bed rest began with the subject lying supine in bed. Subjects were instructed to stand up as quickly as possibly from the lying position to a standing position with hands at their sides using any independent method of their choice. Two tests were timed with a digital stopwatch. The test with the fastest time was used in the data analysis. This test is reported to have stable test-retest correlations at 1-minute and 1-year intervals. 42 Significant correlations between maximum isometric strength of the quadriceps muscle and the time needed to stand up from bed rest in healthy elderly adults provide support for convergent validity. 42 Fatigue. Fatigue was measured in real time using a 1-item fatigue intensity scale and the fatigue subscale of the EORTC QLQ-C30. 26 The subjective event marker of the Actiwatch-Score, described above, was programmed to be used as a single-item, global, self-report scale to measure real-time fatigue intensity. The fatigue intensity scores ranged from 1 (no fatigue) to 10 (worst fatigue). Real-time fatigue assessment has been used successfully in people with cancer, including patients who had hematopoietic stem cell transplant. 43, 44 The second measure of fatigue, the fatigue subscale of the EORTC QLQ-C30, consists of 3 items measuring physical fatigue using a 4-point Likert scale. The fatigue subscale of the EORTC QLQ-C30 has been used extensively in people with cancer and has established reliability and validity. 45 Health Status Perceptions. The EORTC QLQ-C30, version 3.0, a 30-item tool, was used to measure the subjects' perceptions of health status. This is a well-established instrument consisting of 5 functional scales, a global QOL/health status scale, 3 multi-item symptom scales, and a number of singleitem questions. 45 Items on the multi-item subscales are averaged and then converted to a scale with a range of 0 to 100. Higher scores on the 5 functional scales and the global QOL/ health status scale represent a higher level of functioning. Higher scores on the symptom scales and the single-item questions indicate a higher degree of symptoms and thus a poorer QOL. The EORTC QLQ-C30 is a widely used, well-established instrument in cancer clinical trials, and the psychometric properties have been previously reported. 26, 46 Strength Training After Stem Cell Transplantation Cancer Nursing TM , Vol. 34, No. 3, 2011 n 241
In this study, Cronbach ! coefficients were computed for all multi-item subscales. Adequate reliability (! coefficient Q .70) was established for most of the subscales (physical functioning = .81, role functioning = .80, social functioning = .85, global QOL/health status = .84, fatigue = .75, and pain subscale = .91). The emotional functioning and cognitive functioning subscales did not demonstrate adequate reliability (Cronbach ! = .63 and .62, respectively). The means and SDs for these subscales are reported for comparison purposes only, and their meaning must be interpreted with caution. Internal consistency estimates for nausea/vomiting were not calculated because of restricted variance at time 1; no subjects reported vomiting at time 1.
Quality of Life. The Ferrans and Powers QLI was used to measure life satisfaction. 27, 28 The QLI is a 2-part, 70-item instrument that measures satisfaction with various aspects of life (part 1) as well as the relative importance of each specific aspect to the individual (part 2). The QLI produces an overall QOL score and subscale scores relative to 4 specific domains: (a) health and functioning, (b) social and economic, (c) psychological/spiritual, and (d) family. Possible scores range from 0 to 30. Higher scores indicate greater satisfaction with life. The QLI is a well-established instrument that has been used extensively in a variety of populations, including cancer, bone marrow, and stem cell transplant patients. 27, 47, 48 The psychometric properties have been previously reported. 27, 28, 49, 50 In this study, Cronbach ! coefficients were computed for the total QLI and the multi-item subscales. Adequate reliability was established for the total QLI, health and functioning, social and economic, and psychological/spiritual subscales (Cronbach !'s = .93, .85, .66, and .82, respectively). The family subscale did not demonstrate adequate reliability. The means and SDs for this subscale are reported for comparison purposes only, and their meaning must be interpreted with caution.
Data Collection Schedule and Procedures
PRIOR TO HOSPITALIZATION FOR HSCT (TIME 1)
Wrist actigraphs were placed on the patient's nondominant hand to measure physical activity. The subjects were instructed to leave the device in place for the next 5 days. Because of the expected variability in time associated with placing and removing the wrist actigraph on the first and fifth days, only the middle 72 hours of complete, continuous data were analyzed. Subjects were instructed to carry on with normal activities, including bathing and showering, as the Actiwatch-Score is waterresistant. Subjects rated their fatigue intensity on a 1-point (no fatigue) to 10-point (worst fatigue) scale 3 times during the course of the day (10:00 AM, 2:00 PM, and 6:00 PM). An alarm on the wrist actigraph sounded at these times to remind patients to complete the data. Subjects were instructed to enter the rating directly into the subjective event marker of the wrist actigraph. At the end of the 5-day period, subjects completed the 4 muscle strength tests and the questionnaires to measure health status perceptions and QOL. The questionnaires were administered via interview. The muscle strength tests took approximately 20 minutes to complete, and the questionnaires took approximately 15 minutes.
DURING HOSPITALIZATION FOR STEM CELL TRANSPLANTATION (DAYS 4-8) (TIME 2)
The procedures for placing and removing the wrist actigraph were the same as described for time 1. The device was placed on the fourth day following HSCT and removed on day 8. Subjects rated the intensity of fatigue 3 times per day as described for time 1. The tests for general health perceptions and QOL were administered via interview on day 8 following the transplant. In addition, subjects completed 2 tests for muscle strength (30-second chair-stand test, and time needed to stand up from bed rest).
SIX WEEKS FOLLOWING HOSPITAL DISCHARGE (TIME 3)
The procedures for data collection 6 weeks after hospital discharge were the same as described in time 1, prior to hospitalization for HSCT.
Data Analysis
All data analyses were performed using SPSS (SPSS Inc, Chicago, Illinois). Descriptive statistics were calculated for all measures for the total sample and for each period. Internal consistency estimates (Cronbach !) were assessed for all multiitem Likert items (EORTC QLQ-C30 and QLI). Split plot analysis of variance (ANOVA) (3 Â 2) was used to examine the effects of group assignment (strength training compared with usual activity), time (before HSCTVtime 1, during stem cell transplantationVtime 2, and 6 weeks following hospital dischargeVtime 3), and the group Â time interaction on physical activity, muscle strength, fatigue, health status perceptions, and QOL. For those variables that were measured only at times 1 and 3 (timed stair climb and handgrip strength), 2 Â 2 split plot ANOVA was used. No missing data were imputed. n Results
Physical Activity
Means and SDs for physical activity are presented in Table 1 . No group or interaction effects were observed for physical activity, but there were significant time effects (P G .001). Physical activity significantly decreased during hospitalization for the hematopoietic stem cell transplant, followed by significant increases in physical activity 6 weeks after hospital discharge. Subjects in the strength-training group experienced a 47% reduction in physical activity immediately following the transplantation compared with 41% in the usual-activity group. Following the strength-training intervention, however, physical activity increased by 116% in the strength-training group compared with only 88% in the usual-activity group.
A separate, 2 Â 2 split plot ANOVA was conducted comparing the exercise and usual-activity group at times 2 and 3 only. Two subjects assigned to the strength-training group did not provide 5 continuous days of physical activity data at time 1 and were not included in the 3 Â 2 split plot ANOVA. This may have influenced the above physical activity results. As expected, there was a significant time effect, with physical activity improving 6 weeks following discharge from the hospital (P G .001). No significant group or group Â time effects were found.
Muscle Strength
The means and SDs for the timed stair climb, handgrip strength, 30-second chair-stand test, and the time needed to stand up from bed rest examination are presented in Table 1 .
No group or interaction effects were observed for any of the 4 muscle tests, but there were significant time effects for handgrip strength (P G .05), 30-second chair-stand test (P G .05), and the time needed to stand up from bed rest (P G .01). The specific time effects are noted in Table 1 . The observed time effects were in the expected direction of declining muscle strength immediately following the HSCT, with either no change from baseline (time 1) or improvement 6 weeks following discharge from the hospital.
Fatigue
Means and SDs for the fatigue subscale of the EORTC QLQ-C30 are displayed in Table 2 . A significant (P G .01) group effect was observed, with the strength-training group reporting less fatigue than the usual-activity group. A significant time effect (P G .001) was also observed. Subjects reported significantly increased fatigue during hospitalization for the stem cell transplant, with significant improvement 6 weeks after discharge from the hospital. The interaction effect (group Â time) was not statistically significant. The real-time fatigue intensity ratings were classified as mild (rating of 1-3), moderate (4-6), or severe (7-10), based on recommendations from the National Comprehensive Cancer Network. 51 The 9 fatigue intensity ratings (3 times per day/3 days) were averaged for every patient for each data collection period. Only subjects who completed 7 of the 9 assessments during the specific data collection period were included in the analysis. The real-time fatigue data are displayed in Figure 1 . An equal number of subjects rated their fatigue as mild (47%) or moderate (47%) prior to transplant. Following transplant, most subjects rated their fatigue as moderate (41%) or severe (41%). After discharge from the hospital, 69% rated their fatigue as mild. There was little difference in fatigue intensity ratings, particularly at time 3 where 5 of 8 in the exercise group and 6 of 9 in the usual-activity group reported their fatigue as mild.
Health Status Perceptions
Means and SDs for the EORTC QLQ-C30 are displayed in Table 2 . There were no significant group or group Â time interaction effects for any of the subscales or single-item 
Quality of Life (Life Satisfaction)
Means and SDs for overall QOL and subscales are displayed in Table 3 . No group, time, or interaction effects were observed.
Feasibility of the Strength Training Program
The feasibility of the strength-training intervention was evaluated to determine if modifications to the strength-training program were required. Feasibility was evaluated by determining the weekto-week strength-training frequency of study participants (Figure 2 ). By week 2, all subjects in the strength-training group exercised at least 1 to 2 times per week, and most met the strength-training prescription of exercising 3 times per week by week 3. All of the subjects exercised at least 1 to 2 times per week for at least 5 of the 6 weeks.
n Discussion
The link between exercise and improved physical and psychological health has been well established in people with cancer. [8] [9] [10] [11] Questions still remain, however, about the type of exercise that is best for achieving specific health outcomes across the cancer care trajectory. This pilot study is unique in that a strength-training intervention was tested in people who received high-dose chemotherapy and HSCT, a cancer treatment associated with significant morbidity and mortality, and the subjects were very early in their recovery. The findings from this pilot study demonstrate the potential positive effects of strength training on physical activity and fatigue, and these preliminary findings warrant further investigation in a larger randomized controlled study. This pilot study further demonstrates that strength training using elastic resistance bands is both acceptable and feasible in this population when considered in conjunction with our phase 1 results. 23 Significant time effects were found for almost all of the variables of interest, with anticipated declines in physical activity, muscle strength, fatigue, and health status perceptions following high-dose chemotherapy and HSCT. Six weeks after hospital discharge, subjects in both groups experienced subsequent improvements in many of these same variables. This trajectory of recovery was expected and is consistent with our previous work, as well as the work of others. 4, 5, 48 With respect to differences between the exercise and usualactivity groups, only 1 finding was statistically significant; subjects in the strength-training group reported less fatigue compared with subjects in the usual-activity group. Although not statistically significant, the subjects in the exercise group trended toward increased physical activity. These preliminary data are promising in that they provide support for further investigation into the effects of strength training on fatigue and physical activity in a full-scale, sufficiently powered study.
The most important data collection point for this study was time 3, 6 weeks following hospital discharge. It was hypothesized that the strength-training intervention would have resulted in a group Â time interaction effect (Figure 3) , with the strength-training group exhibiting enhanced recovery compared with the usual-activity group, specifically at time 3. Although no significant interaction effects were detected for any of the dependent variables, the trends suggest that subjects in the strength-training group may be more physically active 6 weeks after hospital discharge compared with the usual-activity group. These data are displayed in Figure 4 . This pilot study was not powered for statistical significance, but the trends provide support for continued investigation.
Mean differences between groups on the EORTC QLQ-30 multi-item subscales were compared with previously published criteria, 52,53 particularly at time 3. Data trends similar to physical activity, albeit not statistically significant, were found for fatigue and global QOL, with the largest difference between the 2 groups occurring after the strength-training intervention (Figure 4) . Subjects in the strength-training group trended toward less fatigue and better QOL compared with the usualactivity group 6 weeks following discharge from the hospital. Although these results must be interpreted with caution, the consistent trends for physical activity, fatigue, and QOL suggest that strength training in a clinic or home setting may be a viable option to enhance recovery for hematopoietic stem cell transplant patients.
Although there were statistically significant changes over time for 3 of the 4 muscle strength tests (handgrip strength, 30-second chair-stand test, and the time needed to stand up from bed rest examination), the exercise group compared with the usual-activity group did not perform significantly better on any of the 4 tests at 6 weeks after hospitalization. A number of possible reasons for this exist, such as the small sample size or diffusion of the treatment across groups. One major challenge associated with testing an exercise intervention in a randomized clinical trial setting is deciding upon an appropriate control group. In this study, subjects in the usual activity were instructed to carry on with their usual activities as prescribed by the attending physician. Subjects were not explicitly informed that they could not exercise, as this would have been considered inappropriate, given the potential benefits of exercise that are frequently reported in the lay media. Although most subjects in the control group did not participate in any structured exercise activity, 2 subjects chose to engage in strength-training exercises on their own starting approximately 4 weeks after hospital discharge, possibly creating a confounding effect. 
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Researchers evaluating interventions to reduce fatigue rely on self-report mechanisms to collect information regarding the hematopoietic stem cell transplant patients' experience with this distressing and long-lasting symptom. This study used 2 methods for collecting fatigue data: real-time fatigue assessments and a traditional, retrospective questionnaire (the fatigue subscale of the EORTC QLQ-C30). Incorporating real-time fatigue assessments into the study helps minimize problems with recall biases (fatigue remembered to be better or worse than actually experienced). Recall biases may be particularly problematic in people experiencing multiple symptoms simultaneously, such as hematopoietic stem cell transplant patients. Additionally, real-time fatigue assessment allows data to be collected in the subject's natural environment reducing the problem with artificial contexts. Conversely, collecting fatigue data via the EORTC QLQ-C30's fatigue subscale, a well-established and frequently used questionnaire, allows fatigue data to be compared across multiple studies, including those testing other potentially effective interventions for fatigue.
Nursing Implications
To increase the likelihood of successful patient outcomes, deciding upon an appropriate exercise intervention requires detailed knowledge of the cancer treatment and expected recovery period. This intervention was designed to dovetail seamlessly into clinical practice if proven to be effective. This study provides some preliminary evidence for the use of strength training using elastic resistance bands following high-dose chemotherapy and HSCT. Elastic resistance bands were chosen because the bands are portable, easy to use, and relatively inexpensive compared with hand weights or freestanding machines, thus facilitating translation into clinical practice. A clinic-or home-based exercise program is particularly appealing in the early phase of recovery following high-dose chemotherapy and HSCT because of physical or time restraints that preclude most patients' ability to exercise in a gym or health fitness facility. The opportunity to take advantage of scheduled clinic visits to implement a strength-training program in patients who require frequent clinic visits makes sense from a patient-centered point of view.
n Conclusions
Conducting pilot work, such as this strength-training study, must be undertaken prior to initiating large-scale investigations to avoid costly mistakes while potentially improving quality and efficiencyVimportant considerations given shrinking health care budgets. This study demonstrates the potential positive effects of strength training on physical activity, fatigue, and QOL in people receiving high-dose chemotherapy and HSCT. The ability of the subjects in the strength-training group to participate provides further support for this type of exercise program. Although the findings from this study are preliminary, they do provide support for continued investigation on the effects of strength training on physical activity, fatigue, and global QOL. 
